This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 

F16D 65/10, B60T 1/06 



Al 



(11) International Publication Number: WO 00/42332 

(43) International Publication Date: 20 July 2000 (20.07.00) 



(21) International Application Number: PCT/GB00/00035 

(22) International Filing Date: 7 January 2000 (07.0 1 .00) 



(30) Priority Data: 
9900668.6 



13 January 1999 (13.01.99) GB 



(71) Applicant {for all designated States except US): FED- 

ERAL-MOGUL TECHNOLOGY LIMITED [GB/GBJ; 
Cawston House, Cawston Lane, Rugby, Warwickshire 
CV22 7SA (GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): BUNKER, Kenneth, James 
[GB/GB]; 39A Mill Road, Rearsby, Leicester LE7 4YN 
(GB). 

(74) Agents: DRURY, Peter, Lawrence et al.; T & N Limited, 
Cawston House, Cawston Lane, Rugby, Warwickshire CV22 
7SA (GB). 



(81) Designated States: AE, AL, AM, AT, AU, A2, BA, BB, BG 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI f Gb' 
GD, GE, GH. GM. HR, HU, ID, IL r IN, IS, JP, KE, KG,' 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK^ 
MN, MW, MX, NO, NZ, PL, PT f RO, RU, SD, SE, SG* 
SI, SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, 
ZA; ZW, ARIPO patent (GH, GM. KHt LS, MW, SD, SL, 
SZ, TZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, 
MD, RU, TJ, TM), European patent (AT, BE, CH, CY, DE* 
DK, ES. FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG, CI, CM. GA, GN, GW, ML 
MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: HUB SUPPORT . 




(57) Abstract 



A hub support (12) by which a wheel-supporting hub (14) may be supported for rotation relative to an axis (22). The hub support (12) 
comprises a one-piece metal casting, the casting comprising mounting means (12b, 12c) by which the hub support (12) may be mounted 
on a vehicle, and support means for a hub (12a). The support (12) also forms part of or a mounting for operating means (26, 32) by which 
faction material pads (18) of a disc brake (15) are brought into force-applying engagement with one or more discs (16) mounted on the 
hub (14). Said one-piece metal casting also comprises a guide (23; 28a; 28b) on which at least one of said friction material pads (18) may 
be mounted for movement relative to the axis (22). 
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HUB SUPPORT 

This invention is concerned with a hub support for a 
vehicle and with a hub supporting and braking assembly for 
a vehicle. 

Conventional vehicles have hub supports, known, for 
example, as "stub axles" and "steering knuckles", which 
support a wheel-supporting hub for rotation about an axis. 
Such a hub support may be associated with a carrying wheel 
or a steered wheel. An example of such a hub support which 
incorporates a suspension link is disclosed in WO 98/25804. 
Many such hub supports have disc brakes associated 
therewith to brake a wheel supported on the hub. 
Conventionally, a disc is fixed to the hub and is braked by 
friction material pads which engage opposite surfaces of 
the disc. Such a disc brake also comprises operating 
means, normally a piston and cylinder assembly, operable to 
bring the pads into force-applying engagement with the 
disc. The operating means is normally a piston and 
cylinder assembly having its cylinder formed as part of a 
sliding caliper mounted on the hub support. In the case of 
the hub support disclosed in the aforementioned WO 
98/25804, the disc brake comprises two discs which are 
mounted on the hub, side by side, for axial movement on the 
hub but which are fixed against rotation relative to the 
hub. The operating means disclosed in WO 98/25804 is 
operable to bring friction pads into engagement with both 
sides of both discs. The operating means of WO 98/25804 
comprises a hydraulic piston and cylinder assembly having 
its cylinder cast integrally with the hub support. The hub 
support of WO 98/25804 also comprises a guide for the 
movable friction material pads. The guide provides a 
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slideway on which backing plates for the friction material 
pads can slide axially of the hub. The guide has an 
intricate shape and is formed as a separate piece which is 
bolted to the hub support. WO 98/26191 proposes that the 
guide should be mounted on the hub support by means of 
bolts which extend through bores extending throughout the 
guide to increase the strength thereof, since the 
relatively-thin guide has to absorb high bending and 
shearing forces. However , the provision of a separate 
guide complicates assembly and adds to cost. 

It is an object of the present invention to provide a 
hub support which reduces the amount of assembly required. 

The invention provides a hub support for a vehicle by 
which a wheel-supporting hub may be supported for rotation 
relative to an axis, the hub support comprising a one-piece 
metal casting, the casting comprising mounting means by 
which the hub support may be mounted on a vehicle, support 
means for a hub, and at least one feature which forms part 
of or provides a mounting for operating means operable to 
bring friction material pads of a disc brake into force- 
applying engagement with one or more discs of the disc 
brake which are mounted on said hub, characterised in that 
said one-piece metal casting also comprises a guide on 
which at least one of said friction material pads may be 
mounted for movement relative to the axis. 

In a hub support according to the invention, the guide 
is cast integrally with the hub support, eg in gray cast 
iron, so that it does not require to be separately 
assembled. Surprisingly, it is found that sufficient 
accuracy can be achieved in the casting process to enable 
an integrally cast guide to be used with little or no extra 
machining. 
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A hub support according to the invention may be in the 
form of a steering knuckle, in which case the one-piece 
metal casting may also include a steering arm for 
connection to a track rod of a steering system of the 
vehicle. The mounting means of the hub support may 
comprise mountings by which the hub support can be mounted 
on shock absorbers and/or tie bars etc. of a vehicle. 

In a hub support according to the invention, the 
feature which forms part of or provides a mounting for the 
operating means may be the cylinder of a piston and 
cylinder assembly as disclosed in WO 98/25804, or may, for 
example, be a recess in which a force applicator is 
mounted. 

The invention also provides a hub supporting and 
braking assembly for a vehicle, the assembly comprising a 
hub support, a wheel-supporting hub supported on said hub 
support for rotation relative to an axis, and a disc brake 
operable to brake the rotation of said hub, the disc brake 
comprising at least one disc which is mounted on the hub 
for axial movement thereon but which is fixed against 
rotation relative to the hub, and friction material pads 
arranged to engage each side of each disc to brake the 
rotation of said hub, the disc brake also comprising 
supporting means for said friction material pads by which 
one of said pads is supported so that it is fixed relative 
to said hub and at least one other of said pads is 
supported for axial movement relative to the hub, the disc 
brake also comprising operating means operable to move said 
movable pad and said disc to brake said hub, said hub 
support comprises a one-piece metal casting, the casting 
comprising mounting means by which the hub support may be 
mounted on a vehicle, support means for said hub, and a 
feature which forms part of or provides a mounting for the 
operating means, characterised in that said one-piece metal 
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casting also comprises a guide on which said movable 
friction material pad is mounted. 

There now follows a detailed description, to be read 
with reference to the accompanying drawings, of a hub 
support which is illustrative of the invention, the hub 
support forming part of an illustrative hub supporting and 
braking assembly. 

In the drawings 

Figure 1 is a an exploded view of the illustrative hub 
support and braking assembly; 

Figure 2 is a side elevational view of the 
illustrative assembly; and 

Figures 3 and 4 are perspective views of two 
alternative forms of guide for use in the illustrative 
assembly. 

The illustrative hub support and braking assembly 10 
comprises a hub support 12, and a wheel-supporting hub 14 
supported on the hub support 12 for rotation relative to an 
axis 22 passing through the centre of the hub 14. The hub 
14 is driven by a constant velocity joint 11 which is 
received in the hub in a conventional manner. The assembly 
10 also comprises a disc brake 15 operable to brake the 
rotation of the hub 14. 

The hub support 12 is for use in conjunction with a 
front wheel of a front wheel-drive car. The hub support 12 
comprises a hollow cylindrical portion 12a of conventional 
form which provides support means for the hub 14 . 
Specifically, the portion 12a houses bearings on which the 
hub 14 rotates. The hub support 12 also comprises mounting 
means by which the support 12 may be mounted on a vehicle. 
The mounting means comprises a top mounting 12b and a 
bottom mounting 12c. The top mounting 12b forms two sides 
of a clamp which can be clamped around a McPherson strut so 
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that the support 12 can pivot about the longitudinal axis 
of the strut. The bottom mounting 12c provides a vertical 
bore 12d in which a pin of a ball joint can be received to 
connect the support 12 to a tie bar in conventional manner. 



The support 12 also comprises a steering arm 12e for 
connection to a track rod of the steering system of the 
vehicle. 

Thus, the support 12 is a one-piece casting including 
the bearing housing 12a, the top mounting 12b, the bottom 
mounting 12c, and the arm 12e. As will appear from the 
description below, the support 12 also includes other 
features. 

The disc brake 15 comprises two discs 16 which are 
mounted on the hub 14 for axial sliding movement in the 
direction of the axis 22. The discs 16 are, however, fixed 
against rotation relative to the hub 14. Specifically, the 
hub 14 has a generally cylindrical outer surface on which 
are formed three groups of axially extending splines 13. 
The discs 16 are formed with teeth 16a which mesh with the 
splines 13 so that the discs 16 can slide axially along the 
splines 13 but cannot rotate relative to the hub 14 . In 
modifications of the illustrative assembly 10, the splines 
13 and the teeth 16a may be replaced by other arrangements 
which allow axial sliding movement but prevent relative 
rotation. 

The hub 14 has three leaf springs 17 secured thereto 
by screws 19. The leaf springs 17 are arranged on portions 
of the outer surface of the hub 14 which are between the 
groups of splines 13. Each leaf spring 17 is in the form 
of a planar sheet of spring steel which is bent to an 
arcuate shape when the discs 16 are assembled on the hub 
14. Each spring 17 resiliently presses on the discs 16. 
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The springs 17 are used to control the movement of the 
discs 16 on the hub 14, preventing rattling and 
accommodating thermal expansion. 

The disc brake 15 also comprises friction material 
pads 18 arranged on opposite sides of each of the discs 16. 
Specifically, one of the friction pads 18 is mounted on a 
backing plate 20 on one side of the first of the discs 16, 
two of the pads 18 are mounted on opposite sides of a 
backing plate 21 which is between the first and the second 
discs 16, and one of the pads 18 is mounted on an abutment 
24 on an opposite side of the second disc to the backing 
plate 21. 

The brake 15 also comprises operating means in the 
form of a piston and cylinder assembly comprising a 
cylinder 2 6 and a piston 32- The cylinder 2 6 is formed as 
part of a one-piece casting with the hub support 10. The 
cylinder 26 extends parallel to the axis 22 and has an open 
end facing towards the discs 16. The piston 3 2 is received 
in the cylinder 2 6 but can be moved outwardly thereof by 
the introduction of hydraulic fluid under pressure through 
a port 34. The assembly 26, 32 is effective to move the 
pad 18 on the backing plate 2 0 to thereby cause relative 
movement between the discs 16 and the pads 18 to bring all 
the pads 18 into engagement with the discs 16, thereby 
applying a braking force to the discs 18. Specifically, 
movement of the pad 18 on the backing plate 20 brings the 
pad into contact with the first disc 16, the first disc 16 
slides axially on the hub 14 into contact with one of the 
pads 18 on the backing plate 21, continued movement brings 
the other pad 18 on the backing plate 21 into contact with 
the second disc 16 which, in turn, slides on the hub until 
the second disc 16 contacts the pad 18 on the abutment 24. 

The disc brake 15 also comprises a guide 28 which is 
formed as one piece with the hub support 12. The guide 28 
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projects, parallel to the axis 22, past the edges of both 
discs 16. The guide 23 supports the abutment 24 which is 
bolted to the end of the guide 28. The guide 28 also 
supports the backing plates 20 and 21 and the pads 18 
mounted thereon. Specifically, the guide 2 8 has two side 
surfaces 30 which are arcuate in transverse cross-section, 
ie the surfaces 30 are part-cylindrical. The surfaces 30 
define a slideway on which the plates 20 and 21 slide, the 
plates having hook portions 4 0 which hook over the surfaces 
30. A leaf spring 4 2 is provided between the underside of 
the guide 28 and the plates 20 and 21 to control the 
movement of the pads 18 and to prevent rattling. 

The guide 28 has two bores 43 extending through it in 
a direction which is parallel to the axis 22. These bores 
43 receive bolts 44 which pass right through the guide 28 
and are received in threaded bores 50 in the abutment 24. 
The bolts 44 serve to strengthen the guide 23 and also to 
secure the abutment 24 to the guide 28. The bolts 44 
assist in resisting the high bending and shearing forces 
applied during braking. In modifications of the 

illustrative assembly 10, short bolts passing through the 
abutment 24 and threadedly received in bores in the guide 
28 may be used instead of the bolts 44. 

Figure 3 shows an alternative form of the guide 2 8a 
which differs in detail from the guide 28 shown in Figures 
1 and 2 but has the same function and is also formed as a 
one-piece casting with the hub support 12 . In the guide 
28a, the side surfaces 30 of the guide 28 are replaced by 
slots 60 extending along the guide 28a on opposite sides 
thereof. The slots 60 are generally rectangular in 
transverse cross-section and upwardly-facing surfaces 60a 
of the slots 60 provide the slideway for the plates 2 0 and 
21. Specifically, the hook portions 40 of the plates 20 
and 21 enter the slots 60 and rest on the surfaces 60a 
against which the plates 2 0 and 21 are pressed by the 
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action of the spring 42. In Figure 3, the abutment 2 4 has 
been omitted for clarity, the bolts 44 are shown reversed 
in direction, and the teeth 16a of the discs 16 are 
replaced by larger single teeth. The guide 28a also 
recesses in its upper surface. 

The second alternative guide 28b shown in Figure 4 
differs from the guides 28 and 28a in that the slideway for 
the plates 2 0 and 21 is provided by the cylindrical surface 
of the bolts 44. The casting portion forming the guide 
28b, as one piece with the support 12, is recessed to 
enable the plates 20 and 21 to slide on the bolts 44 which 
pass through holes in the plates. It would, however, be 
possible for the plates 20 and 21 to have hook portions 
sliding on the bolts 44. 
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CLAIMS 

1 A hub support (12) for a vehicle by which a wheel- 
supporting hub (14) may be supported for rotation 
relative to an axis (22) , the hub support (12) 
comprising a one-piece metal casting, the casting 
comprising mounting means (12b, 12c) by which the hub 
support may be mounted on a vehicle, support means 
(12a) for a hub, and at least one feature (26) which 
forms part of or provides a mounting for operating 
means (26, 32) operable to bring friction material 
pads (18) of a disc brake (15) into force-applying 
engagement with one or more discs (16) of the disc 
brake which are mounted on said hub (14), 
characterised in that said one-piece metal casting 
also comprises a guide (28/ 28a; 28b) on which at 
least one of said friction material pads (18) may be 
mounted for movement relative to the axis (22). 

2 A hub support according to claim 1, characterised in 
that the one-piece casting also includes a steering 
arm (12e) for connection to a track rod of a steering 
system of the vehicle. 

3 A hub support according to either one of claims 1 and 
2, characterised in that the operating means (26, 32) 
comprises a cylinder (26) which is cast as one-piece 
with the support (12). 

4 A hub support according to any one of claims 1 to 3, 
characterised in that reinforcing bolts (44) pass 
through said guide (28; 28a; 23b). 
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5 A hub support according to claim 4, charaterised in 
that said bolts (44) provide a slideway for said 
movable friction material pad (18) . 

6 A hub supporting and braking assembly (10) for a 
vehicle, the assembly comprising a hub support (12), 
a wheel-supporting hub (14) supported on said hub 
support (12) for rotation relative to an axis (22), 
and a disc brake (15) operable to brake the rotation 
of said hub (14), the disc brake (15) comprising at 
least one disc (16) v/hich is mounted on the hub (14) 
for axial movement thereon but which is fixed against 
rotation relative to the hub, and friction material 
pads (18) arranged to engage each side of each disc 
(16) to brake the rotation of said hub, the disc brake 
(15) also comprising supporting means (28) for said 
friction material pads (18) by which one of said pads 
is supported so that it is fixed relative to said hub 
and at least one other of said pads is supported for 
axial movement relative to the hub (14), the disc 
brake (15) also comprising operating means (26, 32) 
operable to move said movable pad and said disc to 
brake said hub, said hub support (12) comprises a one- 
piece metal casting, the casting comprising mounting 
means (12b, 12c) by which the hub support (12) may be 
mounted on a vehicle, support means (12a) for said 
hub, and a feature (26) which forms part of or 
provides a mounting for the operating means (26, 32), 
characterised in that said one-piece metal casting 
also comprises a guide (28 / 28a; 28b) on which said 
movable friction material pad is mounted. 

An assembly according to claim 6, characterised in 
that the hub support (12) is in accordance with any 
one of claims 2 to 5. 
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FIG. 2 
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